. Human Clq basically consists of three peptide chains A, B and C. Single A, and B and two C chains are covalently bound respectively and one molecule of Clq has six triple helices with peripheral globular portion consisting of A, B and C. Therefore an A-B chain dimer and a C chain dimer are obtained on SDS-PAGE in a non-reducing condition, while individual A, B and C chain in a reducing condition . McManus and Nakane (1980) isolated mouse Clq and demonstrated negatively stained ultrastructural appearance of the mouse Clq consisting of six globular units connected by strands similar to human Clq. Yonemasu and Sasaki (1981) also purified mouse Clq and described its biochemical properties and a structural finding that it gave two intensely stained bands with two faintly stained bands between them on SDS-PAGE in non-reducing condition. In this study, we isolated Clq from mouse EDTA plasma by a precipitation with polyethyleneglycol and column chromatography, and demonstrated that the purified mouse Clq shows three bands different from human Clq on SDS-PAGE in the non-reducing condition. Further, we demonstrated the existence of an allotype in mouse Clq from the analysis of the molecular weights of the subunits and the generation of alloantiserum.
MATERIALS AND METHODS
Mice. ICR and C3H/He mice were obtained from the Funabashi Farm, Chiba, DDI mice were supplied from the Mouse Breeding House, Tohoku University and DDD, DKI, DDY, C57BL/6, C57BL/10 and AKR mice from the breeding colonies in our laboratory and BALB/c from the Shizuoka Agricultural Cooperative Association for Laboratory Animals, Shizuoka. All mice used were reared in our laboratory until 12 and 15 weeks of age.
Plasma. Mouse EDTA plasma was obtained from the freshly drawn blood of anesthetized mice obtained by cardiac puncture and was stored at -0°C until used.
Reagents. Human C4 was isolated by the method of Okuda and Tachibana (1980) and human C2 was obtained by the method of Vroon et al. (1970) . C-EDTA was prepared by diluting guinea pig serum 1: 25 with EDTA buffer. Human Clr and Cls were purified according to the method of Takahashi et al. (1.975) . IgG-Sepharose was prepared by coupling human IgG (10 mg/ml) to CNBr activated Sepharose 4B. Cellular intermediates. EA and EAC4 cells were prepared according to the method of Borsos and Rapp (1963) .
Buffers. Isotonic Veronal-buffered saline, pH. 7.4, ionic strength (~u) 0.145 M, containing 0.1% gelatin, 1.S x 10-4M CaC12 and 5 x 10-4M MgC12 (GVB2+) and glucose gelatin Veronal buffer (GGVB2+), ,.=0.075, containing 2.5% glucose, CaC12 and MgCl2 were prepared according to the usual procedures (Williams and Chase 1977) . EDTA buffer was prepared by making a 1:10 dilution of 0.1 M EDTA, pH 7.4 with gelatin-VBS. These buffers were used for the quantitative hemolytic assay of Clq.
Immunodiffusion analysis. Ouchterlony double diffusion and immunoelectrophoresis were carried out according to the method of Yonemasu and Stroud (1971) .
SDS polyacrylamide gel electrophoresis. This was carried out according to a modification of the method of Davis (1964) . 3.75% polyacrylamide gels (0.5 x 6.0 cm) containing 0.1% SDS and 0.1 M phosphate buffer, pH 7.2, containing 0.1% SDS were used to measure the molecular weight of Clq as a whole molecule. The longer 5% gels (0.5 X 10.5 cm) containing 0.1% SDS and 0.5 M urea and 0.1 M phosphate buffer containing 0.1% SDS and 0.5 M urea were used for the analysis of the subunits of Clq. Molecular weight was estimated according to a modification of the method of Dunker and Ruebart (1969) . Cytochrome C, BSA, human IgG and horse ferritin were used as markers.
Assay of the activity of Clq. This was carried out by both the IgG coated latex agglutination test according to the method of Ewald and Schubart (1966) and the quantitative hemolytic assay. The titers of Clq by these two methods were well correlated and the former was used for monitoring the Clq fractions in all preparation procedures.
Antiserum Alloantiserum of mouse Clq was prepared by four weekly injections of 20 pg of ICR Clq in Freund's complete adjuvant to DPI mouse. One week after the last immunization, 1 X 106 ascitic mammary tumor cells (MM-48) were injected i.p. and one week later, sera and ascites were collected.
RESULTS

Isolation of mouse Clq
Mouse Clq was isolated from EDTA plasma by a modification of the method described previously for the preparation of human Cl (Bing 1971; Nagasawa et al. 1974) . Mouse EDTA plasma was mixed with 1/9 volume of the 50% (w/v) of polyethyleneglycol (#4,000) under stirring at 4°C. After 30 min, the precipitate The Clq pool from IgG-Sepharose was dialyzed against 0.05 M phosphate buffer, 2 mM EDTA, pH 7.4 and applied to a DEAE-Sepharose column (1.5 x 10 cm) equilibrated with the dialysis buffer.
Clq activity.
was collected by centrifugation at 3,000 rpm and dissolved in 0.02 M Tris buffer, pH 8.5, containing 0.15 M NaCI and defibrinated by the addition of 1 M CaC12 at 1/100 volume of the plasma. The solution containing Cl activity was applied on an IgG-Sepharose column (Fig. 1) . The column was washed thoroughly with the Tris buffer containing 5 mM CaC12 (buffer A). The Cl subcomponents were eluted in order with the Tris buffer containing 10 mM EDTA (buffer B), the Tris buffer containing 20 mM EDTA and 0.4 M NaCI (buffer C) and subsequently, the Tris buffer containing 20 mM EDTA and 0.2 M 1,4-diaminobutane (buffer D).
In the elutee with the buffers B and D, Clrs complex and Clq were recovered respectively. This Clq fraction was applied to a column of DEAE-Sepharose and the Clq activity was recovered in the effluent (Fig. 2) . The pooled Clq fraction was applied to a column of CM-Cellulose. The Clq activity was eluted at the conductivity of 4 mmho/cm with a linear increase of NaCI (Fig. 3) . The fractions containing Clq activity were pooled, concentrated and applied to SDS-PAGE. The result showed that the Clq fraction didd not contain any contaminant other Fig. 3 . Chromatography of mouse Clq on CM-Cellulose . The Clq pool from DEAESepharose was dialyzed against 0.02 M phosphate buffer , 2 mM EDTA, pH 5.1, and applied to a CM-Cellulose column (1.5 X 10 cm) equilibrated with the dialysis buffer . The column was washed and a linear NaCI gradient was applied .
Clq activity. than IgG. Next, the pooled Clq was applied to an ACA 22 column to separate Clq from IgG (Fig. 4) . Clq activity appeared in the second protein peak and IgG in the third peak.
Estimation of molecular weight of Clq
The molecular weight of the purified mouse Clq eluted from ACA 22 was estimated to be approximately 410,000 by SDS-PAGE using 3.75% acrylamide gel containing 0.1% SDS in the condition not to dissociate non-covalent bond of polypeptide. This value is similar to the molecular weight of the human Clq purified by the same method (Fig. 5) .
Similarity of mouse and human Clq activity
Hemolytic activities of mouse and human Clq were studied in the following manners. Serial dilution of samples (25 pl) in the wells of microtiter plate was mixed with 25,ul of EA (1 X 108 cells/ml) and incubated at 3T C for 10 min and then interacted with human Clr and Cls (100 X 108 SFU/ml, respectively) or mouse Clrs fraction obtained from IgG-Sepharose column for additional 5 min. The mixtures were washed three times with GGVBZ+, and then incubated with 25 1 of human C4 and C2 (100 X 108 SFU/ml, respectively) at 37°C for 10 min. After addition of 25 ~cl of C-EDTA (C3-9 source), then mixtures were incubated at 37° C for 60 min. Then the plate was centrifuged at 1,000 rpm for 5 min and the degree of hemolysis was observed. Mouse Clq was hemolytically active to interact with human Clr and Cls, and human Clq was also with mouse Clrs. These results demonstrate a functional similarity of the mouse and human Clq. 
Studies of the subunits of mouse Clq
The mouse Clq showed three peptide bands on SDS-PAGE containing 0.5 M urea in non-reducing condition (Fig. 6) . On the other hand, human Clq showed two bands corresponding to an A-B dimer and a C-C dimer as reported by Yonemasu and Stroud (1972) . When the three bands were designated I, II and III respectively from the top of the gel, the molecular weights of II and III were different in two kinds of mouse strains. Namely, the molecular weights of the three subunits of Clq of DDI strain were 62,000, 55,000 and 51,000 and those of C3H and ICR strains were 62,000, 58,000 and 53,000.
Allotype of the mouse Clq
The differences of the molecular weights of II and III subunits of Clq among different mouse strains suggested the molecular heterogeneity including allotypes of mouse Clq. Actually, alloantiserum was obtained by injecting ICR Clq to DDI mouse. This antiserum (DDI A/C1gIC) reacted with ICR Clq and C3H plasma, but not with DDI Clq in Ouchterlony double diffusion test, while rabbit anti-mouse Clq antiserum (Rab A/C1gI~R) reacted with both ICR and DDI Clq (Figs. 7 and 8 ). Further this alloantiserum reacted also with EDTA plasma of AKR, DDY and BALB/c but not with DDD, DKI, B57BL/10 and B57BL/6 (data not shown). This alloantiserum formed a single precipitation arc in the slow y region on immunoelectrophoresis with purified ICR Clq which was run electro- Fig . 9 . Immunoelectrophoresis of Clq using DDI A/C1q" and Rab A/CIq" shows a precipitation arc in the slow y region against both ICR Clq and DDI Clq, but DPI A/Clq" reacts against only ICR Clq.
phoretically. This arc was fused with the precpitin arc formed with xenoantiserum. But DDI Clq did form a line with the xenoantiserum, but not with the alloantiserum (Fig. 9) . ICR Clq precipitated with this alloantiserum showed also three bands on SDS-PAGE in non-reducing condition (data not shown).
DISCUSSION
Highly purified mouse Clq was obtained by a precipitation with polyethyleneglycol and chromatography.
The molecular weight of mouse Clq estimated by SDS-PAGE was 410,000, which is similar to that of human Clq. Mouse Clq showed Cl hemolytic activity capable of interacting with human Clr and Cls. These results suggested a functional and structural similarity of mouse Clq to human Clq. Such suggestion was also supported by the data of McManus and Nakane (1980) , who have demonstrated the resemblance of ultrastructural appearance between human and mouse Clq.
As well known, human Clq molecule consists of disulfide-bonded dimers with two chains termed A and B and the dimers of a third type of chain termed C. The assembled Clq molecule contains six A-B dimers and three interlinking C-C chains. The linkage between the C chain and the dimers occurs by non-covalent bonds, while that between adjacent C chains (C-C) occurs via disulfide bond. Thus human Clq molecule is separated into two polypeptide bands consisting of dimers, i.e. A-B and C-C on SDS-PAGE containing urea in non-reducing condition. We noticed, however, firstly that mouse Clq showed three distinctive bands on SDS-PAGE (Seino et al. 1980 ). Yonemasu and Sasaki (1981) reported that non-reduced mouse Clq gave two intensely stained bands with two faintly stained bands between them on SDS-PAGE. At first, we could not recognize whether it gave two or three bands in standard short gels (0.5 X 6.0 cm), but we found three distinctive bands by extending the distances between the bands in longer gels (0. 5 X 10.5 cm). The structural difference observed between human and mouse Clq is unknown. The following possibilities are considered : (1) If the first possibility is the case, the staining density of I, II and III bands on SDS-PAGE should be equal. The fact that II band was stained weaker than others, however, indicates that it is not the case. Furthermore, the structural appearance of mouse Clq molecule must be quite different from that of human Clq, if the postulated three dimers which were covalently bonded will make up mouse Clq.
The second possibility is also less probable. The molecular weight of human and mouse Clq is almost similar. Thus, even if the difference between Clq of both species is present, it is too small to form a band of 50,000-58,000 dalton.
The third possibility is thought to be the most probable. Clq molecule is known to be produced by various cell lineages such as macrophages, fibroblasts and the epithelial cells of the urogenital tract and the colon (Al-Adnani and McGee 1976 ; Stecher and Thorbecke 1976 ; Bing et al. 1975) . For example, if the molecular weights of A peptide produced by two different types of cells are not identical, A and A' (A > A'), A-B dimer is larger than A'-B. The sugar content of A and A' may be different. The report that there are distinct genes for fibroblast and serum Clq supports this idea (Skok et al. 1981) .
The last possibility that either band II or III represents a contaminating protein closely associated with mouse Clq is less probable. First, they are distinguishable at the point of molecular weight from a group of proteins known as the acute phase reactants, C-reactive protein (Bodmer and Siboo 1977) , serumamyloid A protein (SAA) (Hoff mann and Benditt 1982) and serun amyloid P component (SAP) (Le et al. 1982) , and fibronectin known to bind to collagen (Yamada and Olden 1978) . Secondly, although Clq has high affinity with DNA (Agnello et al. 1970) , the three bands appeared to be unchanged after the treatment of Clq preparation with DNAase. Thirdly, the three bands diminishes equally after absorption by IgG coated latex beads and recovered in the eluate with 1,4-diaminobutane, again. Thus, it is most conceivable that mouse Clq molecule consists of heterogeneous subunits linked non-covalently which presumably depend upon the differences of sugar chain structures and the heterogeneity of the Clq subunits is present in any inbred strains of mouse. It is noticed, however, that all the mice tested in the study can be divided into two groups by the difference in electrophoretic mobility of the Clq subunits. Thus, based on an assumption that this may associate with allotype of mouse Clq molecule, we prepared alloantiserum against mouse Clq and reported here the first description on the allotype of mouse Clq. The antiserum which was made by injecting ICR Clq to DDI reacted in Ouchterlony test with ICR, C3H, AKR and BALB/c, but not with DDI, DDD, DKI, C57BL/10 and C57BL/6. This result shows that the allotype of Clq does not link with the major histocompatibility complex. Again, it was confirmed that the Clq precipitated by anti-Clq alloantiserum shows also three bands on SDS-PAGE in the non-reducing condition.
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